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RANGE FROM 0.32 M 0.87 

By Thomas R. Turner 

An investigation has been made to  determFne the effect of rate  of 
flap  deflection on flap hinge Illoment and wing lift at Mach  nmibers  from 
0.32 to 0.87 with  the Reynolds number varying from approxdtely 1.0 
to 2.3 X lo6. The wing had an aspect  ratio of 4, a taper  ratio  of 0.6, 
NACA 65~006 sections, and zero sweep of the  75-percent-chord line. The 
wing wa6 fitted  with 8 25-percent-chord  full-span p h h  flap.  The  flap- 
deflection  rate  varied  from Oo to 1 .lp per  chord length of  travel. 

For the rate of flap-deflection range investigated  the  hinge-moment 
coefficient was practically  independent of rate of flq deflection.  The 
lfft  coefficient was practically  Independent  of  rate  of fbp deflection 
with t w o  exceptions; namely, at E Mach riper of 0.52 a t  so angle of 
attack and at a Mach  number  of 0.72 at 8 angle of attack. 

The present-day airplane with  its high control  forces has compelled* 
the designer to resort to boosters  to enable the pi lot  to  control the 
airplane. The ability of these  boosters and similarly the  ability  of 
missile  control  mechanisms  to  deflect  control  surfaces  at  rather high 
rates has raised  the question of  the  effect of rate  of  control  deflec- 
tion on control  characteristics. This effect  could become especially 
important i f  the main lifting surface were at a relatively high angle 
of attack and the rate  of  deflection influenced the  fO?matiOn  of  sepa- 
rated  or s U d  afr flow. It is conceivable for this  condition  that 

before  the m e M s m  had time to reverse and reduce the  load. 
c the hinge moment could  get  Large enough to cause damge to the system 

.. 
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There are considerable  static  control  force and control  effective- 
ness data available throughout the  subsonic Mach number range; however, 
there is  very little dynamic control  force data available throughout 
t h i s  Mach  number range. 

It is the purpose of this paper t o  present  the  data  obtained in 
an investigation of the effect of rate of flap deflection on f l ap  binge 
moment and wbg l i f t .  The wfng used had an aspect  ratio of 4, a taper 
ratio of 0.6, NACA 634006 eectiom parallel t o  the plane of  symmetry, 
and had zero sweep of the 75-percent-chord line. 

The investigation covered a Mach  number range from 0.32 to 0.98 
for   s ta t ic   condi t tan of the f-p and o .% to 0.87 f o r  dynamic condition 
of the flap,  with the Reynolds number varylng f r o m  approxinrately 1.0 
t o  2.3 X lo6. The angle-of-attack  range was f r o m  0' t o  20' and the 
flap angle varied from approximately Oo t o  approxilrrately 60'. The rate 
of f l a p  deflection varied from 0' t o  1.170 per chord length of travel. 

CL lift coefficient, L/qS 

ch hinge-mment coefficient , h/q2M ' 
L l i f t ,  lb 

h hinge moment, f t - l b  

" area moment of semispan f l a p  rearward of hinge line about 
hinge Une, 0.00804 f t3  

S E  twice area of semispan model, 1.003 sq f t  

, b  twice span of eemispsn model, 2.000 ft 

M average Mach  number over span and chord of  model 

R Reynold6 number of wing based on c 
- 

e 

V free-stream  velocity,  ft/sec 
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a angle of attack, trailing edge darn positive, deg 

6f flap  deflection, trailing edge down positive, deg 

d6f/dt  rate of f lap  deflection, deg per  sec ($)e) f lapdef lec t ion  parameter, deg per chord length of travel 

This investigation  utilized a semispan model mated on E reflection- 
plane plate that was instal led an one of the  test-section side wslls of 
the Langley  high-speed 7- by 1D-foot tunnel. 

The model was constructed of steel with the 75-percent-chord Yne 
perpendicular t o  the plane of  symnetry, and had an aspect  ratio of 4.0, 
a taper   ra t io  of 0 . 6 ,  and RACA 65~006 sections parallel t o  the plane of 
symmetry. The sweep of  the quarter-ch~rd IAE W&E 7.13O. The mdel 
was f i t t e d  xi th  a --span 0.25-chord pla€n f lap attached  to the wing 
with four hfnges wfth a flap gap of 0.05 percent of the wing chord. 
These and other details of the model are shown in figure 1. 

The 40.5-inch by &-inch reflection-plane plate with circular-src 
camber uas supported 4 inchee from the kmel side w a l l  to bypass the 
tunnel-wall boundary layer (fig. I). This particular  plate gave the 
best Mach  number gradients of three different curvature plates h v e s -  
tigated. The streamwlse velociw gradient  over  the  center  line of the 
plate  surface I s  shown in figure 2. The spanwise Mach  number gradient 
xas approximately 0.01 in  12 inchee, the semispan of the model. The 
t e s t  Mach nmiber was the  average Mach number over the span and chord 
of the mdel. 

The model was munted t o  a balance  designed to  measure instantaneous 
Ut ,  hinge m n t ,  and f l ap  deflection (fig. 3 ) .  The l i f t  part of the 
balance  consisted  of a UFt platform connected to a heavy base plate  with 
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two para l le l  flexure plates designed t o  a l l o w  the l i f t  pLatform t o  move 
approximately  0.002  inch fo r  500 pounds l i f t .  The natural frequency of 
the l i f t  platform  thus mounted WRS approxinrately 500 cycles  per second, 
a frequency w e l l  above the  f lap  osci l la t ion frequency. The l i f t  plat-  
form was connected t o  es e lec t r i ca l  displacement gage thr0ugh.a mechani- 
ca l  mu7-tiglier arm giving several sensi t ivi t ies   to  the l i f t  measuriw 
gage. The wing was bol ted  to   the Uft platform i n  such a manner that 
the angle of a t tack could be changed  by loosening two bolt6 and rotatfne; 
the wing about  the  flap  hinge a x i s .  The flap was made with a 3-inch- 
long 7/16-inch-diameter shaft extending  fram the root end of the  flap, 
an extension of the hinge axis. This  extension shaft, through which 
the  f lap WEB driven, had a 1/2-lnch-long section  near  the  center turned 
down t o  9/32-inch diameter. An e lec t r ica l   s t ra in  gage lndicated  hinge 
moment by measuring the twist i n  the reduced  diameter  section of the 
shaft. The position of the f lap  was measured by meam of  the slide 
w i r e  shown i n  figure 3. The f lap  was forced  to  oscillate a t  the desired 
rate by a motor-driven cam designed t o  give zero  acceleration  for 
approximately 45' of B 61O t o t a l  deflection with equal  dwell  periods a t  
the upper and lower limits of .deflection. This cam wa8 designed for  a 
previous  investigation; however, i ts type of  motfon was thought t o  be 
sat isfactory  far  the present  investigation. The cam and motor drive 
details  located on the underside of the balance  base p l a t e  are shown 
i n  figure 4.  

The data were recorded by means of  a recordhg  oscillograph. A 
trace of the tunnel dynamic pressure was recorded siraultaneously with 
the  other data i n  order to  get   the magnitude of the change i n  dynamic 
pressure as the f lap  was deflected through its cycle. The type of f lap 
osci l la t ion and a sample of  the recordings with and without air flow 
are shown i n  figure 5 .  

The  hinge-moment coefficients  presented have been corrected for 
the  wind-off variation of hinge moment with f l a p  d e f l e c t l a  shown i n  
figure 5 .  

The model  and reflection  plane  installed in the  tunnel  are shown 
i n  figure 6. The balance was mounted t o  the side of the tunnel i n  an 
airtight box to  minimize the  effect  of leakage around the  root of  the 
model. To reduce the leakage further, a sponge rubber seal  was placed 
between the but t  of the wlng and the back of the  reflection  plane 
turntable. 

The variation of Reynolds nuniber with Mach  number f o r  this investiga- 
t ion is presented i n  figure 7. 
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The variation of U t  coefficient and hinge-mnt   coef f ic ien t  
wlth flap  deflection fs presented i n  figure 8. In general, rate of 
flap  deflectian had very Uttle effect  on the  variation of IlFt coef- 
f ic ien t  with f l ap  deflection; hoxever, there are tblr, exceptione that 
should be noted. A t  a Mach nurriber of 0.72 and an angle of attack of 8' 
( f ig .   8(g)) ,   the   Uft-coeff icknt  curve for  the static flap  candition 
decreases  about  two-tenths at  about 46' f lap  d e f l e c t L o n .  The f lap  in 
the dynamic conditions gave tsm CL curves, one essentially agreeing 
uith the   s ta t ic  curve,  the  other somewhat lower and fa i r ing  i n t o  the 
s t a t i c  curye beyond the break. It appears that this conibination of 
model, Msch nuniber, and angle of attack p-ts txo flow conditione 
and that the result ing Ilft m e 6  might fall along either  the upper 
o r  Lower curves shorn in figure 8(g) .   me  or ig ina l  record of the f lap  
o s c i l l ~ t i n g  through several cycles f o r  this condition i s  s h m  in 
figure 5 -  The second exception is  a t  a Mach nuuiber of 0.52 and an 

rate of flap  deflection, the Uft coefficient fncreasing with increaeing 
rate of f lap   defkc t inn   for  most of  the  f lapdeflection range (f ig .  8( i ) ) .  

Flap hinge-moment coefficient f o r  all conditions was independent 

O f  attack Of so Where the Coefficient I S  a func tbn  O f  the 

of r a t e  of f l ap  deflection f o r  all practical  purposes (fig.  8). In 
the  tw-o cases in which the lift w a 6  considerably  influenced by rate of 
flap  deflection and flow conditions  (figs.  8(g) and S ( i ) ) ,  the hinge- 
mment coefYFcient curve was unaffected by these SEE canditiona. 

A typical  plot  showing the l i f t  coefficient and hinge-moment coef - 
f ic ien t  as the f lap is deflected through a complete cycle is presented 
i n  fi&e 9. There is some difference between the  curves  for  the 
extending flap and the curves for  the retracting  f lap.  

The curves  of Yft coefficient  plotted against angle of attack 
( f ig .  10) show an increase i n  Q with Mach nuniber up to a h h c h  
n&er of 0.87 and a decrease with further increase Fn Bhch nuniber. 
Mach n d e r  had very little effect on . up to a Mach number of 
0.87  but had considerable  effect above a Mach  nuzriber of 0.87, i n  that 

qualitattve agreement w f t h  results for  a similar wing reported in  
reference 1. 

increased  Kith  increased Mach llLmiber. These resul ts  are i n  

The h i n g e - m n t  -parameter increased with Mach  number from 
-0.0095 at  M = 0.32 t o  -0.0175 a t  M = 0.87  (fig. 11). The f lap 
effectiveness  parameter Q increased from 0.032 at  M = 0.32 to 
0.40 st M = 0.72 then  decreased with further increase in  Mach m e r .  - - 
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These slopes were taken  through 6 = Oo for  CY = Oo and a s t a t i c  
condition of the  flap. 

CONCLUSIOMS 

Results from Kina-tunnel tests at Mach  mmibers from 0.32 to 0.87 
of  an aspect  ratio 4, taper r a t i o  0.6 wing, with the O.75-chord lFne 
=wept, f i t ted with a full-span 25-percent-chord plain f l a p  have indi- 
cated that: 

1. F h p  hinge-moment coefficient wa8 practically independent of 
ra te  of  flap  deflection from 0' to 1.170 deflection per chord length 
of  travel. 

2. W i n g  l i f t  coefficient m a  practically independent of rste of 
flap  deflection xith two exceptions:  (a) A t  a Mach number of 0.52 and 
angle of attack of U0, the lift coefficient  increased with fncreased 
rate of flap  deflection f o r  most of the l i f t  range; (b) At a Mach 
nuniber of 0.72 end an angle of attack of 8O, l i f t  m s  of different 
slopes and two different mEudgIum lift-coefficient  values were obtained, 
indicating  the  existence of t'm different flow p a t t e r n .  

Langley Aeronautical  Laboratory, 
National Advisory Cornnittee fo r  Aeronautics, 

Langley Field, Va. 
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1. Turner, Thomas R .  : Effects of Sweep. on the Maximum-Lift Character- 
i s t i c s  of  Four Aspect-Ratio-4 Wings at Transonic  Speeds. NACA 
RM ~50~11, 1950. 
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Figure 1.- Details of wing and reflection plane. Dimensions i n  inches. 
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0 8 16 24 32 40 48 56 
Disfance from leuding - edge of re flec fion-plum plate, h. 

Figure 2.- Velociw  distribution along center line of reflection-plane 
plate.  
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Figure 3 .- Photograph of model and balance. 
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Figure 6 .  - Photograph of mdel and reflection plane munted in the tunnel. 
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Figure 7.- Variation of Reynolds rider with Mach nuuiber fo r  the 
investigRtion. 
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Figure 8.- Varia 

(a) a = oo; M = 0.32. 

. t ion of l i f t  coefficient and hinge-moment coeffl 
with flap  deflection. 

.ci ent 



(b) = Oo; M = 0.52. 

Figure 8.- Continued. 
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( c )  a = Oo; M = 0.72. 

Figure 8.- Continued. 
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(dl a = Oo; M = 0.87. 

Figure 8.- Continued. - 
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( e )  a = 8"; M = 0.32. 

Figure 8. - Continued. 



NACA RM L53Ell  - 
./ 

-.6 
16 

A v 

-8 0 8 /6 24 32 40 48 56 64 
F /up de f/eciion, Sf, dep 

(f) = 8O; M = 0.52. 

F i m  8.- Continued. 
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( g )  01 = 8O; M = 0.72. 

Figure 8.- Contirmed. 
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(h) a = So; M = 0.87. 

Figure 8.- Continued. 
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(i} a = z0; M = 0.52. 

Figure 8.- Continued. 
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8 /6 24 32 40 48 56 

(k) a: = 12'; M = 0.87. 

Figure 8. - Continued. 
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( 2 )  (r: = 16O; M = 0.52. 

Figure 8.- Continued. 
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(m) a = 16'; M = 0.72. 

Figure 8.- Concluded. 
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Figure  9.- A comparfson of extemling-flap and retracting-flap aemayaamic 

characterfstics. a = 8O; M = 0.72; (!)e) = 0.492. 
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Figure Lo .- Variation of lif% coefficient with angle  of attack. tjf = 00. 
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Figure 11.- Variation of % and C w i t h  Mach amber. % 



. 

i 


